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1
RECOMBINANT FUSION ANTIGEN GENE,
RECOMBINANT FUSION ANTIGEN
PROTEIN AND SUBUNIT VACCINE
COMPOSITION HAVING THE SAME
AGAINST INFECTION OF PORCINE
REPRODUCTIVE AND RESPIRATORY
SYNDROME VIRUS

RELATED APPLICATIONS

This application claims priority to Taiwan Application
Serial Number 103140120, filed Nov. 19, 2014, which is
herein incorporated by reference.

BACKGROUND

1. Field of Invention

The present invention relates to a recombinant fusion
antigen gene, a recombinant fusion antigen protein and a
subunit vaccine composition having the same for animal
use. More particularly, the present invention relates to a
recombinant fusion antigen gene, a recombinant fusion
antigen protein and a subunit vaccine composition having
the same against infection of porcine reproductive and
respiratory syndrome virus.

2. Description of Related Art

Porcine reproductive and respiratory syndrome (PRRS)
was first reported in the Northern America in 1987. Several
years later, PRRS and results in global outbreaks succes-
sively and great economic losses of the swine industry. As
for the global swine industry, the urgent problem to be
solved is how to prevent and control PRRS. PRRS probably
occurs in all ages of pigs, resulting in physiological disor-
ders, respiratory tract syndrome and death. PRRS is caused
by porcine reproductive and respiratory syndrome virus
(PRRSV). PRRSV belongs to the Arteriviridae family,
including a positive-sense, single stranded RNA genome
with viral envelope, and the diameter of the virus particle is
50-70 nm. The PRRSV genome is approximately 15 kb in
the full length and encodes 10 open reading frames (ORF's).
26 kDa of glycoprotein 5 (GPS) is encoded by ORFS and 19
kDa of unglycosylated membrane protein (M) is encoded by
ORF6.

There are three major types of commercial PRRS vac-
cines, including live attenuated vaccines, killed vaccines and
subunit vaccines produced by Escherichia coli (E. coli). The
live attenuated vaccines can stimulate cellular and humeral
immune responses, but the titer of the neutralizing antibody
is less, resulting in insufficient protection ability and the
risks of virulent spread and virulent recovery. The killed
vaccines have no the risks of virulent spread and virulent
recovery; however, the killed vaccines merely evoke the
humeral immune response and they cannot provide protec-
tion ability against heterologous virus infection, so that it is
necessary to immunizing the killed vaccines twice for pro-
viding a sufficient protection ability. In addition, there is no
exact data to show that the subunit vaccines produced by E.
coli can provide sufficient protection ability.

The PRRSV evolves and mutates extremely fast due to
RNA virus. There is, however, a growing need for new
vaccines with safety and protection ability without no risks
of virulent spread and virulent recovery is emerging, for
overcoming all issues of conventional vaccines.

SUMMARY

Accordingly, the invention provides an isolated nucleic
acid comprising a recombinant fusion antigen gene of SEQ
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ID NO.: 1 encoding a recombinant fusion antigen protein.
The recombinant fusion antigen gene combines a nucleic
acid sequence encoding glycoprotein GP5 of porcine repro-
ductive and respiratory syndrome virus (PRRSV) with trun-
cated N'-terminal decoy epitope, a linker sequence and
membrane protein M, followed by codon optimization.

Moreover, the present invention provides a recombinant
viral vector comprising a recombinant fusion antigen gene
of SEQ ID NO.: 1 encoding a recombinant fusion antigen
protein.

Furthermore, the present invention provides a recombi-
nant fusion antigen protein comprising a recombinant pro-
tein expressed by a nucleic acid sequence of SEQ ID NO.:
1 in a recombinant baculovirus expression system, thereby
increasing an expression yield of the recombinant fusion
antigen protein.

Still further, the present invention provides a subunit
vaccine composition of anti-porcine reproductive and respi-
ratory syndrome virus (PRRSV) infection comprising a
recombinant fusion antigen protein and a pharmaceutically
acceptable carrier, in which the recombinant fusion antigen
protein is expressed by a nucleic acid sequence of SEQ ID
NO.: 1 in a recombinant baculovirus expression system, so
as to provide vaccinated animals with better protection
ability without the risks of virulent spread and virulent
recovery.

According to the aforementioned aspect, the invention
provides an isolated nucleic acid comprising a recombinant
fusion antigen gene of SEQ ID NO.: 1 encoding a recom-
binant fusion antigen protein.

According to the aforementioned aspect, the present
invention further provides a recombinant viral vector com-
prising a recombinant fusion antigen gene of SEQ ID NO.:
1 encoding a recombinant fusion antigen protein.

According to the aforementioned aspect, the present
invention further provides a recombinant fusion antigen
protein comprising a recombinant protein expressed by a
nucleic acid sequence of SEQ ID NO.: 1 in a recombinant
baculovirus expression system.

According to the aforementioned aspect, the present
invention further provides a subunit vaccine composition of
anti-porcine reproductive and respiratory syndrome virus
(PRRSV) infection comprising a recombinant fusion antigen
protein and a pharmaceutically acceptable carrier.

According to an embodiment, the aforementioned phar-
maceutically acceptable carrier comprises an adjuvant and/
or an immunopotentiator. In an example, the immunopoten-
tiator includes a CpG potentiator having a nucleic acid
sequence of SEQ ID NO.: 2.

With application to the recombinant fusion antigen gene,
the recombinant fusion antigen protein and the subunit
vaccine composition having the same against infection of
PRRSV of the present invention, the recombinant fusion
antigen gene that combines the nucleic acid sequences of the
glycoprotein GP5 with truncated N'-terminal decoy epitope,
the linker sequence and the membrane protein M, followed
by codon optimization, is expressed by a baculovirus
expression system in vitro, thereby enhancing the yield of
the recombinant fusion antigen protein. The recombinant
fusion antigen protein can provide vaccinated animals with
better protection ability without the risks of virulent spread
and virulent recovery when being applied in a subunit
vaccine composition. Therefore, the problems such as less
yield of PRRSV antigen, worse protection ability, the risks
of virulent spread and virulent recovery existed in conven-
tional PRRSV vaccines can be effectively improved.
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It is to be understood that both the foregoing general
description and the following detailed description are by
examples, and are intended to provide further explanation of
the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood by reading
the following detailed description of the embodiment, with
reference made to the accompanying drawings as follows:

FIG. 1A is a map of a recombinant viral vector according
to one embodiment of the present invention;

FIG. 1B is an electrophoresis image of the recombinant
viral vector digested by restriction enzymes according to one
embodiment of the present invention;

FIG. 2 is an electrophoresis image of polymerase chain
reaction (PCR) product of the recombinant viral vector
amplified by the PCR reaction according to one embodiment
of the present invention;

FIG. 3 is a image of SDS-polyacrylamide gel electropho-
resis (SDS-PAGE) of the recombinant fusion antigen
expressed by Hi-5 insect cells according to an embodiment
of the present invention; and

FIG. 4 is an image of Western blotting of the recombinant
fusion antigen expressed by Hi-5 insect cells according to an
embodiment of the present invention.

DETAILED DESCRIPTION

Reference will now be made in detail to the present
embodiments of the invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible,
the same reference numbers are used in the drawings and the
description to refer to the same or like parts.

As aforementioned, the present invention relates to a
recombinant fusion antigen gene and a recombinant fusion
antigen protein expressed by the same against infection of
porcine reproductive and respiratory syndrome virus
(PRRSV). The recombinant fusion antigen gene combines a
nucleic acid sequence encoding a glycoprotein GPS with
truncated N'-terminal decoy epitope, a linker sequence and
a membrane protein M, followed by codon optimization, is
expressed by a baculovirus expression system in vitro,
thereby enhancing a yield of the recombinant fusion antigen
protein.

Typically, the “recombinant fusion antigen gene” as dis-
cussed hereinafter denotes a nucleic acid sequence of SEQ
ID NO.: 1. In an embodiment, the recombinant fusion
antigen gene combines a nucleic acid sequence encoding
glycoprotein GP5 of PRRSV with truncated N'-terminal
decoy epitope, a linker sequence and membrane protein M
gene.

More specifically, two major envelope proteins of the
viral envelop of PRRSV, the glycoprotein GP5 and the
membrane protein M, associate into a disulfide-linked het-
erodimer, which together encompass at least half of the total
viral protein. The glycoprotein GP5 and the membrane
protein M both induce protective immune response and
neutralizing antibodies of the host. However, the N'-terminal
decoy epitope of the glycoprotein GPS, approximately 30
amino acids, eliminates the production and the reactivity of
the neutralizing antibodies. Therefore, one of the features of
the present invention is to provide a truncated N'-terminal
decoy epitope of the glycoprotein GP5, in which the first to
the tenth amino acid of N'-terminal decoy epitope is deleted,
and the nucleic acid sequence encoding glycoprotein GP5
with truncated N'-terminal decoy epitope is connected to the
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nucleic acid sequence encoding the membrane protein M via
the linker sequence, and the whole nucleic acid sequence is
subjected to codon optimization. Such recombinant fusion
antigen gene can increase the yield of the recombinant
fusion antigen protein in the baculovirus expression system,
and the resultant recombinant fusion antigen protein has
accurate tertiary structure and folding after being post-
translationally modified by the eukaryotic expression sys-
tem.

The “linker sequence” as discussed hereinafter denotes a
nucleic acid sequence for connecting the nucleic acid
sequence of the glycoprotein GP5 and the nucleic acid
sequence of the membrane protein M. There is no limitation
to the length of “linker sequence”, for example, 6 nucleo-
tides to 30 nucleotides, preferably 9 nucleotides to 24
nucleotides, and more preferably 9 nucleotides to 15 nucleo-
tides. In an example, the “linker sequence” has 12 nucleo-
tides.

The “codon optimization” as discussed hereinafter
denotes to select codons based on the preferred codons of the
baculovirus expression system without changing the original
amino acid sequence, so as to provide immune protection
effect. The reason is that E. coli cannot provide accurate
post-translational modification such as glycosylation
although F. coli is the very popular protein expression
system because of its advantages such as fast growth rate,
high yield and low cost. The E. coli expression system will
probably produce insoluble inclusion of the recombinant
protein. In comparison, the baculovirus expression system
can produce the recombinant protein in mass and accurate
post-translational modification such as glycosylation. In an
embodiment, the resultant recombinant fusion antigen pro-
tein has accurate sugar residues and folding structure.

The aforementioned sequence of the recombinant fusion
antigen gene (or called as 6L.dANS5) is compared to the
original (or called as wild-type) gene sequence using com-
mercial sequencing analysis programs (for example, DNAS-
tar software) and the result is listed in TABLE 1.

TABLE 1

Percentage of Identity

Divergence
1

6LdNS
wild-type

As the comparison result shown in TABLE 1, the recom-
binant fusion antigen gene (or called as 6[.dN5) is subjected
to codon optimization and has a percentage identity of
89.5% with the original (or called as wild-type) gene
sequence.

The “recombinant baculovirus expression system” as dis-
cussed hereinafter is referred to a gene expression system
consisting of baculovirus expression vector (BEV) and its
host insect cell. The baculovirus is a large DNA virus that
infects invertebrates, primarily insects and some arthropods.
The baculovirus expression vector system (BEVS) devel-
oped from baculovirus provides relative safety because
human and other vertebrates are not the hosts of baculovi-
ruses. The aforementioned BEV is referred to a recombinant
baculovirus carrying an exogenous gene. Once the BEV
infects a host insect cell, the strong promoter of the BEV
control the expression of the exogenous gene, for producing
the recombinant protein in mass. The post-translational
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modifications of the recombinant protein obtained by the
BEVS are similar to the ones obtained by the mammalian
cell, so that the antigenicity, immunogenicity and bioactivi-
ties of the recombinant protein produced by the BEVS are
very similar and substantially identical to the original pro-
tein.

In an example, when the recombinant fusion antigen gene
is constructed into the BEV, the 5' end of the recombinant
fusion antigen gene is optionally linked to the signal peptide
gene sequence of the membrane glycoprotein gp64 of the
baculovirus. The gp64 signal peptide residue is probably
cleaved from the recombinant fusion antigen protein during
the whole recombinant fusion antigen protein is transported
in the cell.

In application, the recombinant fusion antigen protein and
a pharmaceutically acceptable carrier can be utilized to
produce a subunit vaccine composition for immunizing the
pigs. In an embodiment, the pharmaceutically acceptable
carrier includes an adjuvant and/or an immunopotentiator.
There is no specific limitation on kinds of the adjuvants,
examples of which can include but be not limited to alumi-
num gel adjuvant, oil adjuvant (for example, Freund’s
complete adjuvant, Freund’s incomplete adjuvant and so on)
or any combination thereof. The immunopotentiator can be
exemplified as immunostimulatory oligonucleotides con-
taining CpG motif (or called as CpG potentiator). In an
example, the CpG potentiator can be a nucleic acid sequence
of SEQ ID NO.: 2, for example. In an embodiment, the
aforementioned subunit vaccine composition containing the
CpG potentiator can immunize pigs for providing 100% of
protection against PRRSV infection

The recombinant fusion antigen protein of the present
invention is to combine a nucleic acid sequence encoding
glycoprotein GP5 of PRRSV having truncated N'-terminal
decoy epitope with the membrane protein M gene, both of
which a linker sequence is interposed between, and then the
whole nucleic acid sequence is subjected to codon optimi-
zation, for increasing the yield of the recombinant protein
expressed in the insect cell. Moreover, the recombinant viral
vector carrying the recombinant fusion antigen gene trans-
fects the recombinant baculovirus expression system for
effectively increasing the yield of the recombinant fusion
antigen protein.

Furthermore, the present invention adopts the recombi-
nant baculovirus expression system for producing the
recombinant fusion antigen protein in a suspension culture,
which has advantages of easy manipulation, high yield, easy
to enlarging the production scale. The resultant antigen
protein can be produced and possess the original biological
functions because the host insect cell is able to perform
accurate post-translational modifications that are very simi-
lar to mammalian cells. Evidenced by the following animal
immune experiments, the subunit vaccine composition
including the recombinant fusion antigen protein can pro-
vide vaccinated animals with 100% of protection ability
without the risks of virulent spread and virulent recovery.
Consequently, the technology of the present invention can be
expected to suitable for new formulations of PPRSV vaccine
compositions, thereby preventing and treating of the PPRS.

Thereinafter, various applications of the method of trace-
less labeling glycoproteins on a surface and applications
thereof will be described in more details referring to several
exemplary embodiments below, while not intended to be
limiting. Thus, one skilled in the art can easily ascertain the
essential characteristics of the present invention and, with-
out departing from the spirit and scope thereof, can make
various changes and modifications of the invention to adapt
it to various usages and conditions.
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Example 1

Establishment of Recombinant Viral Vector of
pBacF-gp-6LdNS

In this embodiment, the 6LdN5 recombinant fusion anti-
gen gene was designed according to Genbank sequence
accession number AF035409 that includes PRRSV ORFS5
(the glycoprotein GP5) and ORF6 (the membrane protein
M) published in the National Center for Biotechnology
Information (NCBI).

Reference was made to the nucleic acid sequence of SEQ
ID No.: 1. At first, a ORF6 (the 145” nucleotide to the 681%
nucleotide) was designed before a ORF5 (the 6947 nucleo-
tide to the 1266™ nucleotide), and a linker sequence (the
682™ nucleotide to the 693” nucleotide) was interposed
between the ORF6 and the ORFS. There were some recog-
nition sites of restriction enzymes, Sal I (the 121” nucleotide
to the 126™ nucleotide), multiple-restriction enzyme site
sequence (the 127 nucleotide to 144” nucleotide) and Not
I (the 1288 nucleotide to 1295” nucleotide), are designed
at two ends of fragments of the ORF5 and the ORF 6
respectively. The 5' end of the Sal I recognition site was
further linked to the gp64 signal peptide gene sequence (the
first nucleotide to the 120” nucleotide) of the pBacF-gp
transfer vector, for linking the N' end sequence of the
PRRSV ORF6 to the gp64 signal peptide. The downstream
of the ORF5 (the 694 nucleotide to the 1266” nucleotide)
was further linked to His tag (the 1267% nucleotide to the
1284™ nucleotide) and stop codon (the 1285 nucleotide to
the 1287% nucleotide). The whole sequence was subjected to
codon optimization using commercially available softwares,
for example, Codon Optimization Services provided by
Genomics BioSci & Tech, Ltd. or others such as Codon
Optimization Calculator provided by EnCor Biotechnology
Inc., GeneGPS® Expression Optimization Technology pro-
vided by DNAZ2.0, Inc., Codon Optimization and Verifica-
tion Services provided by ProteinCT Biotech or the like, so
as to synthesize the recombinant gene called 6L.dNS in the
size of 1295 bp.

The nucleic acid fragment of the recombinant fusion
antigen gene 6[.dNS was purified and ligated to the pBac-
PAKS8-gp transfer vector (i.e. the baculovirus viral vector,
which had a nucleic acid sequence of the gp64 signal
peptide), so as to construct the recombinant viral vector.

The pBacPAKS8-gp transfer vector had a full length of 5.5
kb approximately, which included a gene of Autographa
californica multiple nuclear polyhedrosis virus (AcMNPV)
and provided a sequence for recombining the insert DNA.
The pBacPAKS transfer vector further included high-level
expression of polyhedrin promoter (PPH), ampicillin (Amp)
resistance gene as a selective marker and SV40 polyade-
nylation signal. The recombinant fusion antigen gene
6LdN5 was ligated with the pBacPAKS8-gp transfer vector
(carrying the nucleic acid sequence of the gp64 signal
peptide) to form the recombinant viral vector (or called
pBacPAKS8-gp-6L.dNS) in the size of 6.5 kb, as shown in
FIG. 1A.

The resulted recombinant viral vector (or called pBac-
PAKS8-gp-61.dN5) was transformed into a competent cell of
Escherichia coli XL-1 Blue (Invitrogen, California, USA),
and antibiotic resistance was used to select a clone that was
successful transformed and inserted by a target gene.
Besides, the target gene was cut by the restriction enzymes
Xba I (located on pBacPAK8-gp viral vector and close to an
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upstream of 5' end of the gp64 nucleic acid sequence) and
Not I and analyzed by DNA electrophoresis, and the result
was shown in FIG. 1B.

Reference was made to FIG. 1B, which was an electro-
phoresis image of the recombinant viral vector digested by
restriction enzymes according to one embodiment of the
present invention. In FIG. 1B, the lane M referred to DNA
markers, the first lane referred to DNA fragments from the
recombinant viral vector pBacPAK8-gp digested by the
restriction enzymes Xba [ and Not I, and the second lane
referred to DNA fragments from the recombinant viral
vector pBacPAKS8-gp-61.ANS digested by the restriction
enzymes Xba I and Not I. The band of FIG. 1B at the 1295
bp was the DNA fragment including the recombinant gene
6LdN5 and a partial sequence of the viral vector.

In addition, the transformed clone was subjected to a
polymerase chain reaction (PCR) reaction and DNA elec-
trophoresis analysis, and the result was shown in FIG. 2. A
reactant of the PCR reaction was prepared by 5 ulL of 2xPCR
Mastermix (0.5 U SuperTherm DNA polymerase mix, 200
uM dNTPs, 1.5 mM MgCl,, 1x buffer) (Bertec, Taiwan), 1
ul of 2.5 mM 6L.5(Sall) forward primer, 1 pl. of 2.5 mM
Shis(Notl) reverse primer and 3 pl. of double-deionized
water (ddH,O). The reactant was reacted at 94° C. for 5
minutes, and then repeated for 30 cycles of three steps
including DNA denaturation at 94° C. for 1 minute, DNA-
primer annealing at 56° C. for 90 seconds and DNA exten-
sion at 72° C. for 1 minute. After the cycles were completed,
the reactant was subjected to a further DNA extension at 72°
C. for 7 minutes. After the whole PCR reaction was finished,
4 ul. of PCR product was analyzed by 1% agarose gel
electrophoresis. The sequence of the 6L.5(Sa/l) forward
primer was listed as SEQ ID NO: 3, and the sequence of the
Shis(Notl) reverse primer was listed as SEQ ID NO: 4. The
DNA sequence amplified by the pair of 6L.5(Sall) and
Shis(Notl) primers included the nucleic acid sequence
encoding glycoprotein GP5 with truncated N'-terminal
decoy epitope, the linker sequence and the membrane pro-
tein M without the nucleic acid sequence encoding the gp64
signal peptide.

Reference was made to FIG. 2, which was an electropho-
resis image of PCR product of the recombinant viral vector
amplified by the PCR reaction according to one embodiment
of the present invention. In FIG. 2, the lane M referred to
DNA markers, the first lane referred to DNA fragment of the
PCR product with the size of 1151 bp amplified from the
recombinant viral vector pBacPAK8-gp-6.dNS was deter-
mined by 1% agarose gel electrophoresis.

The transformant preliminarily determined as above was
further subjected to nucleic acid sequencing using an auto-
sequencing apparatus such as DNA Analyzer (ABI 3730,
CD Genomics, USA) of Tri-I Biotech, Inc. (Taipei, ROC)
and the insert sequence was correct. The transforming
vector, cell transformation, screening of the target strain,
extraction of the vector DNA, the digestion of restriction
enzymes, PCR reaction, DNA electrophoresis, DNA
sequencing and so on should be well known by the person
skilled in the art rather than reciting them in detail.

Example 2

Establishment of Recombinant Baculovirus
Expression System

1. Insect Cell Culture
In the embodiment, Sf9 cell line (BCRC 60011; ATCC
CRL-1711) from the fall armyworm (Spodoptera fru-
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8
giperda) pupal ovarian tissue or High Five (abbreviated as
Hi-5) cell line (BTI-TN-5B1-4)(for example, Invitrogen
Co.) from pink shrimp (Trichoplusia ni) egg were used to
establish the recombinant baculovirus expression system.

9 mL of Sf-9 or Hi-5 cell culture medium was added into
10-cm culture plates. Next, the cryovials of Sf-9 or Hi-5
cells were quickly thawed in the water bath at 37° C., and
then the Sf-9 or Hi-5 cells were uniformly dispersed in the
Sf-9 or Hi-5 cell culture medium respectively. Afterwards,
the cell plates were cultured in the incubator at 28° C., and
those cells were grown adherently and exhibited smooth and
round shapes.

The Sf-9 cell culture medium was Grace’s Insect cell
culture medium, which contains 0.35 g NaHCO,, 3 g
Lactalbumin hydrolysate, 20 mL yeastolate and 10% FBS in
1000 mL of the cell culture medium, supplemented with
10,000 unit/ml. of penicillin/streptomycin. The Hi-5 cell
culture medium was exemplified as S{-900II™ SFM (Invit-
rogen/GIBCO, USA).

2. SF-9 Cell Transfection

3x10°/mL of S9 cells were seeded in the 12-well tissue
culture plate and placed at room temperature for at least 1
hour until the cells were adhered. 1 ng of the recombinant
viral vector DNA, 2 ul. flashBAC DNA and 6 pl. of
Cellfectin® Reagent (Invitrogen®) were mixed well in
unsupplemented Grace’s Medium (Gibco®) and placed at
room temperature for 45 minutes, for forming a mixture.
Next, the cell supernatant was removed from the 12-well
tissue culture plate, the cells were washed by S{-900 II SFM
in twice and the cell medium was removed. Subsequently, 1
mL of the aforementioned mixture was added to the cells in
each well of the 12-well tissue culture plate, placed and
cultured at 27° C. for 5 hours. After removing the superna-
tant, 1 mL of growth medium (TNM-FH; Sigma-Aldrich Co.
LLC., USA) was added to the cells in each well of the
12-well tissue culture plate, placed and cultured at 27° C. for
5 days or until cytopathic effects were observed.

3. Isolation of Recombinant Baculovirus and Amplification
of Virus Titer

When cytopathic effects (CPEs) were observed after the
transfected Sf9 cells were cultured for 3 to 5 days, the
recombinant baculovirus could be ready for harvest.

At first, the supernatant of the transfected S9 cells was
transferred into 1.5 mL-microcentrifuge tubes and centri-
fuged at 1,000xg for 5 minutes. Afterwards, the virus stock
solution including the passage zero (PO) recombinant bacu-
lovirus was aliquoted to freshly 1.5 ml.-microcentrifuge
tubes with dark brown color, and stored at -80° C. for
preventing from light.

3x10° cells/mL of S9 cells were uniformly reseeded into
the 12-well tissue culture plate and placed at room tempera-
ture for at least 1 hour until the cells were adhered. 15 ulL of
the PO virus stock solution was added to the cells in each
well of the 12-well tissue culture plate, placed and cultured
at 27° C. for 5 days, thereby harvesting the P1 recombinant
virus. During harvesting the P1 virus, the supernatant of the
transfected Sf9 cells was transferred into 1.5 mL-microcen-
trifuge tubes and centrifuged at 1,000xg for 5 minutes.
Afterwards, the virus stock solution including the P1 recom-
binant baculovirus was aliquoted to freshly 1.5 mI.-micro-
centrifuge tubes with dark brown color, and stored at —80°
C. for preventing from light.

The aforementioned steps were repeated for amplifying
the yield of the P2 recombinant baculovirus. The virus stock
solution including the P2 recombinant baculovirus was
stored at —-80° C.
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Example 3

Evaluation of Expression of Recombinant Fusion
Antigen Protein Using Recombinant Baculovirus
Expression System

1. Isolation of Recombinant Fusion Antigen Protein

25 mL of 1x10° cells/mL of Hi-5 cell was seeded into a
125 mL culture flask, added with the recombinant baculo-
virus and cultured at 27° C. for 3 to 5 days. And then, the
cells were harvested and the supernatant was removed by
centrifugation at 4° C. and 10,000xg for 10 minutes. The cell
pellet was broken by ultrasonic vibration, and the recombi-
nant fusion antigen protein (or called BV-gp6L.dN5S) was
isolated and quantified, which was further analyzed by
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and
Western blotting.
2. Evaluation of SDS-PAGE

The well-quantified sample protein was mixed well in the
4x Sample Buffer, boiled in the boiling water for 5 minutes,
denatured by SDS and carried uniformly with negative
charges. Glass plates were set up, pure water was fulfilled
and all equipments were tested well. All reagents listed in
TABLE 2 were added sequentially, so as to make the
separating gel.

TABLE 2
Reagents Volume
10% APS 50.00 pL
10% SDS 50.00 pL
1.5M Tris-HCI (pH 8.8) 1.25 mL
40% Acrylamide/Bisacrylamide 1.25 mL
TEMED 4.00 pL
ddH,0 2.40 mL
Total 5.00 mL

The separating gel solution was prepared well and poured
slowly into the space between the two parallel glass plates,
and a little ddH,O slightly covered the upper interface of the
separating gel. After 25 minutes, the separating gel was
gelled and polymerized, and the filter paper was used to soak
up the remaining ddH,O on the upper interface of the
separating gel. Following, all reagents listed in TABLE 3
were added sequentially, so as to make the stacking gel.

TABLE 3
Reagents Volume
10% APS 25.00 pL
10% SDS 25.00 pL
1.5M Tris-HCI (pH 6.8) 0.32 mL
40% Acrylamide/Bisacrylamide 0.31 mL
TEMED 2.50 pL
ddH,O 1.80 pL
Total 2.50 mL

After 15 minutes, the stacking gel was gelled and polym-
erized, and then the samples were loaded into the stacking
gel. The two glass plates were assembled on the vertical
electrophoresis tank, and 1x Running buffer was added
therein. The samples were loaded into the stacking gel, and
the proteins of the samples were separated in the stacking gel
at 60 V and in the separating gel at 120 V. After 3 hours, the
electrophoresis was completed, resulting in FIG. 3.
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Reference was made to FIG. 3, which was an image of
SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of
the recombinant fusion antigen expressed by Hi-5 insect
cells according to an embodiment of the present invention.
In FIG. 3, the bands of 1 pg, 2 ug, 4 pg, 8 ug of BSA was
used to establish a standard curve, the lane M referred to
protein makers, the lane 1 referred to bands of Hi-5 cellular
proteins, the lane 2 referred to bands of the recombinant
fusion antigen expressed by Hi-5 insect cells. As shown in
the bands of FIG. 3, the recombinant fusion antigen
expressed by Hi-5 insect cells had a size of 41 kDa.

3. Evaluation of Western Blotting

After the aforementioned SDS-PAGE protein electropho-
resis was completed, the glass plates were disassembled and
the stacking gel was removed, the separating gel was
immersed in a transfer buffer for 10 minutes. Whatman 3M
filter paper (Advantec, Japan) was pre-immersed in the
Transfer buffer and placed on the blotting clamp. PVDF
transfer membrane (Immobilon TM-P Transfer Membrane,
Millipore, Ireland) with a desired size was immersed in
100% methanol for 5 minutes approximately, immersed in
the transfer buffer for overflowing the upper surface of the
PVDF transfer membrane and then placed on the filter paper.
The SDS-PAGE gel immersed in the transfer buffer was put
upon the PVDF transfer membrane, a filter paper was placed
on the gel, and all layers were clamped together and put into
the blotter. The side of the PDVF transfer membrane faced
to the positive pole, the other side of the gel faced the
negative pole, and a blotting was carried out at 250 mA for
75 minutes.

The transferred PVDF membrane was washed by
1xPBST (phosphate-buffered saline with tween 20) for 5
minutes, and immersed and shaked in a Blocking buffer at
4° C. for 1 hour. Next, the PVDF membrane was incubated
in a primary antibody (mouse anti-His monoclonal antibody,
Rural Technologies, Inc.; diluted 1:2,000 in 1xPBST) at 4°
C. for 18 hours with gentle shaking. After the primary
antibody was removed, the PVDF membrane was washed by
1xPBST for several times and incubated in a secondary
antibody (goat anti-mouse IgG-HRP, Chemicon, USA;
diluted 1:15,000 in 1xPBST) at 4° C. for 60 minutes with
gentle shaking. After the secondary antibody was removed,
the PVDF membrane was washed by 1xPBST for several
times. Next, the PBST was removed, and then the PVDF
membrane was incubated in ECL Plus Western Blotting
Detection Reagents (GE Healthcare, UK) for 1 minute.
Afterwards, the PVDF membrane was put on the central
platform of Chemiluminescence Camera System (SYN-
GENE G, J & H Technology Co., Ltd., Taiwan) and ana-
lyzed by a commercial image analysis software, so as to
calculate the molecular weight of the target protein and be
shown in FIG. 4.

Reference was made to FIG. 4, which was an image of
Western blotting of the recombinant fusion antigen
expressed by Hi-5 insect cells and detected by anti-His
monoclonal antibody according to an embodiment of the
present invention. In FIG. 4, the lane M referred to protein
makers, the lane C referred to bands of Hi-5 cellular
proteins, the lane 1 referred to bands of the recombinant
fusion antigen expressed by Hi-5 insect cells on the day 2,
the lane 2 referred to bands of the recombinant fusion
antigen expressed by Hi-5 insect cells on the day 3, the lane
3 referred to bands of the recombinant fusion antigen
expressed by Hi-5 insect cells on the day 4, and the lane 4
referred to bands of the recombinant fusion antigen
expressed by Hi-5 insect cells on the day 5. As shown in the
bands of the lanes 1 to 4 of FIG. 4, with increase of
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expression days of the recombinant fusion antigen, the yield
of the recombinant fusion antigen expressed by Hi-5 insect
cells was also increased. On the day 5, the yield of the
recombinant fusion antigen was 533 pg/mlL.
4. Evaluation of Virulence

Eight 3 to 4 week-old weaned piglets with negative for
PRRSYV antigen, PRRSV antibody and classical swine fever
(CSF) were provided. The body temperatures of all piglets
were measured prior to 3 days the virus challenge, and the
piglets having the normal temperature were subjected to the
virus challenge. In the PRRSV challenge, the neck of each
piglet was injected intramuscularly with 3 mL. of PRRSV in
the virus titer of 10°>°TCIDs/mL. The body temperature of
every piglets were monitored daily for 14 days post the
PRRSV challenge. After the observation period was com-
pleted, all piglets were subjected to necropsy, so that clinical
signs and pathological changes were observed, and the
bloods were collected to perform PCR examination.
5. Test of Immunization Against Virus Challenge

Fifteen 3 to 4 week-old weaned piglets with negative for
PRRSYV antigen, PRRSV antibody and classical swine fever
(CSF) were randomly divided into 3 groups. The first group:
the necks of five piglets were injected intramuscularly with
the recombinant fusion antigen protein and commercial oil
adjuvant (for example, Freund’s incomplete adjuvant), for
example, 2 mL of the subunit vaccine composition (includ-
ing 50 pg of the recombinant fusion antigen protein and 1.2
mlL of the oil adjuvant). The second group: the necks of five
piglets were injected intramuscularly with the recombinant
fusion antigen protein, commercial oil adjuvant (for
example, Freund’s incomplete adjuvant) and a CpG poten-
tiator (such as the nucleic acid sequence of SEQ ID NO.: 2),
for example, 2 ml. of the subunit vaccine composition
(including 50 pg of the recombinant fusion antigen protein,
1.2 mL of the oil adjuvant and 50 pg of the CpG potentiator).
The residual uninoculated piglets, which belonged to a
negative control group (or called the third group), were
injected intramuscularly with Hi-5 cell supernatant (includ-
ing Hi-5 cellular proteins) and the oil adjuvant, for example,
125 uL of cellular cell supernatant and 1.2 ml of the oil
adjuvant, and raised in isolation from other piglets. The
piglets of all groups were subjected to virus challenge with
PRRSV virus solution on 28 days post-immunization, intra-
muscularly injecting the neck of each piglet with 3 mL of
PRRSV in the virus titer of 10>°TCID/mL and monitored
for 21 days. After the observation period was completed, all
piglets were subjected to necropsy, so that clinical signs,
pathological changes, detection results of antigen and anti-
body were determined.
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After the test of immunization against virus challenge, the
piglets of the first group displayed 75% of the protection
ability, the piglets of the second group displayed 100% of
the protection ability, and the piglets of the second group
displayed 0% of the protection ability. The result evidenced
that the resultant subunit vaccine composition provided
sufficient protection ability, and the resultant subunit vaccine
composition having the immunopotentiator provided better
protection ability. The subunit vaccine composition of the
present invention could be applied in new formulations of
PRRSV subunit vaccine composition, thereby preventing
and treating of the PPRS.

It is necessarily supplemented that, specific recombinant
vectors, specific expression systems, specific isolation meth-
ods, specific culturing methods, specific analysis methods or
specific apparatuses are exemplified for clarifying the
recombinant fusion antigen gene, the recombinant fusion
antigen protein and the subunit vaccine composition having
the same against infection of PRRSV of the present inven-
tion. However, as is understood by a person skilled in the art,
other recombinant vectors, other eukaryotic expression sys-
tems, other isolation methods, other culturing methods,
other analysis methods or other apparatuses can be also
adopted in the recombinant fusion antigen gene, the recom-
binant fusion antigen protein and the subunit vaccine com-
position having the same against infection of PRRSV of the
present invention, rather than being limited thereto.

According to the embodiments of the present invention,
the aforementioned recombinant fusion antigen gene, the
recombinant fusion antigen protein and the subunit vaccine
composition having the same against infection of PRRSV of
the present invention advantageously combines the nucleic
acid sequences of the glycoprotein GP5 with truncated
N'-terminal decoy epitope, the linker sequence and the
membrane protein M into the recombinant fusion antigen
gene, followed by codon optimization and expression in the
baculovirus expression system in vitro, thereby enhancing
the yield of the recombinant fusion antigen protein. The
recombinant fusion antigen protein can provide vaccinated
animals with better protection ability without the risks of
virulent spread and virulent recovery when being applied in
the subunit vaccine composition. Therefore, the problems
such as less yield of PRRSV antigen, worse protection
ability, the risks of virulent spread and virulent recovery
existed in conventional PRRSV vaccines can be effectively
improved.

Although the present invention has been described in
considerable detail with reference to certain embodiments
thereof, other embodiments are possible. Therefore, the
spirit and scope of the appended claims should not be limited
to the description of the embodiments contained herein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 1295

TYPE: DNA

ORGANISM: Artificial sequence
FEATURE:

<400> SEQUENCE: 1

atgctgeteg ttaaccagag ccaccaaggt ttcaacaagg agcacaccte caagatggte

tctgetateg tgetctacgt cttgetgget getgetgete actccgectt cgetgecgac

OTHER INFORMATION: PRRSV RECOMBINANT FUSION ANTIGEN GENE

60

120
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-continued
gtecgacacta gtagatctgt cgacgtcgac atggggtcegt cectagacga cttttgtcat 180
gatagcacgyg ctccacaaaa ggtgatcttg gegttttcta tcacctacac gecagtgatg 240
atatatgcce taaaagtgag tcgcggecgg ctgctaggge tectecacct gctaatttte 300
ctgaattgtg ccttcacctt cgggtatatg acatttgtge actttcagag tacaaatagg 360
gtegegetta ctatgggage agtagttgca ctectttggg gggtgtattce agecatagaa 420
acttggagat tcatcacctc cagatgeccgt ctgtgcttge taggccgcag gtacattcetg 480
geeectgeee accacgttga gggtgecgca ggcttteate cgattgegge aagtgataac 540
cacgcatttg tcgteecggeg tcccggetee actacggtta acggcacatt ggtgeccggg 600
ttgaaaagce tcegtgttggg tggcagaaaa gctgtaaaac agggagtggt aaaccttgte 660
aaatatgcca aagacactag tggcggegge agcatgtege aattgecttt tttgtggtgt 720
atcgtgccat tcectgtttagt tgcgctttec ggegcaaacce aaaacagcag ctcttactce 780
cagttgattt acaacttgac gctatgtgag ctgaacggca cagattgget ggccaataag 840
tttgattggg cggttgagac tttcgtcatt ttteccecgtgt tgactcacat cgtctectac 900
ggtgcccteca ccaccagcca tttecttgac acagttgget tggccaccgt gtecaccgece 960
gggtattatc atgggcggta tgttttgagce agcatttacg cagtctgtgce cctggctgeg 1020
ttagtttgct tecgtcattag gttggcgaag aactgcatgt cctggcgcta ctegtgtacce 1080
aggtatacca actttctecct tgacactaaa ggaaaaatct atcgctggeg atcgcccgte 1140
attatagaaa aagggggcaa agttgaggtt ggagatcacc ttatcggcct caagagagtt 1200
gtgctagacg gttccgegge aacccctgta accagaattce cagcggaacg atggggtegt 1260
ccecgaccate accatcacca tcactaggcg gccgce 1295
<210> SEQ ID NO 2
<211> LENGTH: 230
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: CpG potentiator
<400> SEQUENCE: 2
actagttcegt cgaagtcgtt ttggggggte tagttegteg aaatcgattt ggggggtcta 60
gttegtecgaa gtegttttgg ggggtctagt tegtcgaaat cgatttgggg ggtctagttce 120
gtegaagteg ttttgggggg tctagttegt cgaaatcgat ttggggggtce tagttcegteg 180
aagtcgtttt ggggggtcta gttcgtcgaa atcgatttgg ggggtctaga 230
<210> SEQ ID NO 3
<211> LENGTH: 24
<212> TYPE: DNA
<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: 6L5(Sall) forward primer
<400> SEQUENCE: 3
gtcgacatgg ggtcgtccct agac 24

<210> SEQ ID NO 4
<211> LENGTH: 32

<212> TYPE:

DNA

<213> ORGANISM: Artificial sequence
<220> FEATURE:

<223> OTHER INFORMATION:

Bhis (NotI) reverse

primer
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16

-continued

<400> SEQUENCE: 4

geggecgect agtgatggtg atggtgatgg te

32

What is claimed is:

1. An isolated nucleic acid comprising a recombinant
fusion antigen gene of SEQ ID NO.: 1 encoding a recom-
binant fusion antigen protein.

2. A recombinant viral vector comprising a recombinant
fusion antigen gene of SEQ ID NO.: 1 encoding a recom-
binant fusion antigen protein.

3. A recombinant fusion antigen protein comprising a
recombinant protein expressed by a nucleic acid sequence of
SEQ ID NO.: 1 in a recombinant baculovirus expression
system.

4. A subunit vaccine composition of anti-porcine repro-
ductive and respiratory syndrome virus (PRRSV) infection
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comprising a recombinant fusion antigen protein and a
pharmaceutically acceptable carrier, wherein the recombi-
nant fusion antigen protein is expressed by a nucleic acid
sequence of SEQ ID NO.: 1 in a recombinant baculovirus
expression system.

5. The subunit vaccine composition of anti-PRRSV infec-
tion of claim 4, wherein the pharmaceutically acceptable
carrier comprises an adjuvant and/or an immunopotentiator.

6. The subunit vaccine composition of anti-PRRSV infec-
tion of claim 5, wherein the immunopotentiator comprises a
CpG potentiator, and the CpG potentiator is a nucleic acid
sequence of SEQ ID NO.: 2.

#* #* #* #* #*



